Purpose: To compare the speech and voice of Parkinson's disease (PD) patients and neurologically healthy elderly adults (control group, CG), to find out whether these features are related to the disease or the normal aging process, and investigate the impact that dysarthria has on the Quality of Life (QoL) of these individuals.
INTRODUCTION
The number of elderly people has been growing all over the world as a result of the increased life expectancy and the reduced mortality rate along with a drop in pregnancy rates, resulting, therefore, in a slower rhythm of population growth and an accelerated aging process (1) . In Brazil, it is estimated that by 2020 the number of elderly will reach 32 million (2) . The greatest challenge of this century will be to take care of this population, who represent, among many characteristics, elevated prevalence of chronic and incapacitating diseases (2) . Parkinson's disease (PD) is an example, for its incidence increases with age and affects 1-2% of the population over 65 years of age (3) . The PD is a neurodegenerative chronic disease, characterized by the death of the dopaminergic neurons of the substantia nigra of the compact part of the midbrain. The dopaminergic neurons are responsable, among others, for the control of motor activities. The main clinical characteristics of the disease are tremors at rest, bradykinesia (slowness of movement), muscle rigidity (decrease in range movement), and alteration of posture maintenance reflexes, resulting in postural instability (4, 5) . Besides, it is estimated that 70-90% of the patients with PD have speech and voice alterations, called hypokinetic dysarthria. The most common symptoms of dysarthria found in PD are reduced vocal intensity, restricted modulation, monotone voice, changes of intonation, altered speed of speech, reduced frequency range, hoarse and breathy vocal quality, and articulatory imprecision (6, 7) . The PD is the second most common neurodegenerative disease among elderly, with its prevalence estimated to be 3.3% in Brazil. Considering that it is a disease that mainly affects elderly, it is necessary to have studies that identify and differentiate the PD characteristics from the normal aging process, once it is known that speech and voice alterations also occur during this process (8) . Moreover, the disability caused by the disease limits the patients' activities and their social participation, compromising their quality of life (QoL) (9) . The study of the impact such alterations bring upon the QoL of patients with PD is necessary due to the subjective consequences of living with a speech disease due to a progressive neurological condition (10) . Therefore, this study aims to analyze and compare the voice and speech characteristics of PD patients with those of neurologically healthy individuals, in an attempt to differentiate the changes related to the disease from the ones related to the average aging process. Moreover, the impact dysarthria has on the QoL of these subjects was aimed to be investigated. 
METHODS

This is
Selection of the subjects
The study consisted of 25 subjects, 13 patients in the PD group (PG) and 12 neurologically healthy individuals in the control group (CG). The patients involved were followed up by the Physical Activity Program for PD patients (PROPARKI), in the Posture and Locomotion Studies Laboratory (Laboratório de Estudos da Postura e da Locomoção -LEPLO), in the Physical Education Department -Bioscience Institute -in the Universidade Estadual Paulista (UNESP). The participants in the CG were selected according to the age range and schooling level similar to the ones in the PG.
The inclusion criteria were as follows: patients previously diagnosed with PD were classified in stages 1; 1.5; 2; 2.5 and 3 of the disease by the Hoehn and Yahr scale (11) ; they would be in the on-phase of the medication during evaluation.
The exclusion criteria were as follows: patients diagnosed in phases 4 and 5 of the disease (10) ; submitted to surgical treatment; had been through or were under speech language treatment; and were with dementia or cognitive alteration conditions. For the CG, individuals with neurodegenerative diseases were not recruited.
All the participants in the research were volunteers in the participation and, after agreement, signed the informed consent.
Procedures
Data collection occurred in the Undergraduate course of the Bioscience Institute of UNESP in a room with low level of environmental noise.
The evaluation of dysarthria was performed according to the "Dysarthria Evaluation Report", adapting to the phonetic and linguistic characteristics of the Brazilian Portuguese, and formulated with the most altered components of the speech (12) . The data collected were recorded through audio and video, using an external sound board (by M-audio), microphone (SM-58), PRAAT (Programa de Análise Acústica) software, and Sony Cyber-shot camera of 7.2 megapixels.
The patients, during data collection, were sitting down, with the microphone placed approximately 15 cm from the mouth. Before carrying out each test, the patients were oriented on the correct way to conduce it.
According to the description of the protocol, the tests carried out by the participants were the filming of 1-minute breathing, to verify the respiratory cycles during this time; the emission of the number of words per exhalation, through the counting of numbers; the emission by vowels /a/ and /i/ and the consonants /s/ and /z/ in maximum phonation time (MPT); reproduction of phonemes, syllables, words, and affirmative, interrogative, and exclamatory phrases (12) . These tests were always performed with the previous explanation of the evaluator.
The speech samples of the subjects were evaluated through an auditory-perceptual and acoustic analysis of the voice. In the auditory-perceptual analysis, the parameters assessed were breathing, phonation, articulation, and prosody, through attentive hearing and observation by the evaluator. At the end of each parameter, the evaluator gave scores from zero to six -zero, the absence of alteration and six, a severe alteration.
In the acoustic analysis, we collected the habitual frequency, habitual intensity, MPT, and sub-harmonic presence or absence, taken from the production of the sustained vowel /a/. In addition, we collected the frequency and intensity, and speech rate (syllables per second) of the phrase "É proibido fumar aqui" ("Smoking is prohibited here"). Both tasks are included in the "Dysarthria Evaluation Report".
The acoustic measures were carried out by measuring the voice using the PRAAT software. The data used were selected from the most stable segments of the sustained vowel /a/ of the subjects, and the calculations were done manually, without the use of the software, to increase the reliability of data. Moreover, the acoustic measures of the extension of intensity in the phrase "É proibido fumar aqui" were analyzed in the vowels, for data standardization, considering that the vowel "u" after the fricative phoneme /f/ was excluded from the research, due to the interference of this phoneme. For the verification of the extension, we performed the calculation of the difference between higher and lower frequencies and intensities.
The auditory-perceptual and acoustic evaluations of the speech samples of the individuals in the research were analyzed randomly, and the analysis was carried out by two evaluators with experience with dysarthria, by consensus. This way, the evaluations of all the participants in the research were recorded on video, so that both evaluators could, together, observe the parameters that needed the image of the participant to be observed, such as cycles per minute, words per exhalation, resonance, and articulation. It is noteworthy that for the auditory-perceptual and acoustic analysis of the voice, the evaluators were blind, i.e., they did not make use of video-recorded images.
For the evaluation of the impact of dysarthria on the QoL of patients and elderly, the "Living with Dysarthria" ("Vivendo com Disartria") questionnaire was used, developed by the Vardal Institute, translated into Brazilian Portuguese, and culturally adapted by Behlau and Padovani (10, 13) . This instrument aims at evaluating the perception of difficulties in speech of individuals with dysarthria, i.e., the way subjects perceive themselves and their difficulties in speech (10, 13) . This questionnaire consists of ten sections, each containing five statements, to which the subjects must answer from one to six, the lowest number being "totally disagree" and the highest number being "fully agree". For the analysis of this questionnaire, we calculated the median of the answers for the five statements in each section (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) and also the sum of the scores of all statements, totaling 50. The total score may reach minimum value of 50 and maximum of 300 points. Only in section 1, relevant to the speech and voice aspects (breathing, phonation, articulation, and prosody), the statements were analyzed individually, in addition to comparing the medians between groups.
Data analysis
The data obtained through the "Dysarthria Evaluation Report" and the questionnaire "Living with Dysarthria" were analyzed for comparing the PG and the CG.
For the statistical analysis, we used the Statistical Package for the Social Sciences software, version 13.0 for Windows, using the χ 2 test for the categoric variables and the MannWhitney test for numerical variables, assigning significance level of p-values<0.05.
RESULTS
The clinical characteristics were similar between groups, which indicated that the groups were clinically compatible. Moreover, the group with PD presented, according to the Hoehn and Yahr scale (11) , light to moderate stages of the disease, with two individuals in stage 1; five in stage 1.5; five in stage 2, and one in stage 2.5 ( Table 1) . In the evaluation of dysarthria (Table 2) , it was observed that the PG showed significance difference in relation to the CG in the acoustic analysis for the habitual frequency among females (p=0.025) and males (p=0.028), in which both had higher frequency than in the CG. Moreover, the PG showed higher mean of intensity extension than the CG (p=0.039).
In the auditory-perceptual evaluation, only the prosody parameter showed significance difference in the comparison between the groups (p=0.012), demonstrating higher compromised in the patterns of emphasis, intonation, and speed of speech in the PG. The remaining parameters studied (respiration, phonation, resonance, and articulation) presented no statistical difference between the groups.
In the questionnaire "Living with Dysarthria" (Table 3) , patients with PD had, in general, more negative impact on the QoL, when compared to the total score of the questionnaire (p=0.005). The patients had a worse subjective perception of the impact of speech and voice modifications when compared to the group of neurologically healthy individuals.
Among the most significant aspects, we highlight: the aspects related to speech, in which patients noticed speaking in a slower and imprecise way, needing to repeat to be understood so that other people understand them; the aspects of language and cognition; the way how people see and communicate with the patients with PD; what patients believe contribute to their difficulties in speaking and how they think their speech is altered; and the perception and the possibilities of changes in the voice.
DISCUSSION
Most evaluation parameters for dysarthria revealed similar results between the studied groups. The main parameters differentiating the groups were the fundamental frequency and the prosody.
When identifying that most part of the studied parameters was similar between the groups of patients with PD and CG, the study indicates that such modifications may be more related to the average aging process of the speech and voice aspects (presbyphonia) rather than the dysarthria aspects themselves due to PD.
These results become relevant for considering that the speech and voice modifications may result from aging, especially in patients with PD in initial clinical stages of the disease (1-3) according to the Hoehn and Yahr scale (11) . However, this study showed that the fundamental frequency and the prosody are altered in the group of patients with PD. These two aspects may be considered as the main parameters of speech and voice differentiating groups, as well as the ones first to be affected by PD.
Studies correlating speech and voice of patients with PD with the stage of the Hoehn and Yahr scale (11) refer to different results, since the absence of significant results between patients in the initial and advanced stages to the studies relating deviations in the fundamental frequency of vowels, modifications in the speed of speech and in intensity (14) . Thus, it is important to highlight that speech and voice alterations do not occur only due to PD. During the senile process, the laryngeal structures are also affected, i.e., anatomic and physiological alterations proper of aging will compromised the structual and function of the larynx and be related to voice alterations, called presbyphonia. Changes in voice quality are relatively common among elderly. Studies point out that approximately 29% of people aged over 66 years old report having different kinds of voice problems (14) . Changes due to presbyphonia include alterations in the mucosa of the vocal fold, with reduced amounts of elastic fibers, resulting in less elasticity and diminished vibration wave in the vocal fold; calcification of the cartilage; muscle atrophy; reduced muscle control transmission, resulting in instability and voice tremor; voice fatigue; hoarseness; and reduced intensity (15) (16) (17) . Modifications in the auditory-perceptual and acoustic analysis of speech and voice also occur in the process of aging, in which the decrease in the harmonics, alteration in the pneumophonoarticulatory coordination, reduction in MPT, and nasal resonance are observed (15, 16, 18) . The alterations of the aging process justify the similarities between groups in the parameters of breathing, phonation, resonance However, studies carried out among elderly identify that the presbyphonic voice tends to result in modifications in the habitual frequency, in which men have more high-pitched voices and women the low-pitched ones (14) . In this study, the PG, both for females and males, presented higher habitual frequency when compared to the groups of neurologically healthy subjects.
The usual frequency considers the number of vibrations per second of the vocal folds in a given moment. It represents a direct relation with length, tension, rigidity, and mass of the vocal folds (19) . The higher frequency is produced by the elongation of the vocal folds associated with a rapid vibration of the wave of the mucosa. Due to rigidity, one of the clinical aspects of PD, there may be a constant activation of the muscles of the vocal folds and, consequently, and elongation of the interarytenoid muscles, resulting in the emission of sound in a higher frequency (20) . Moreover, studies report that the elevation of the habitual frequency may be possible in patients with PD due to the "on" period of the medication derived from levodopa, which presents a discrete improvement in acoustic measures (19) . In relation to the prosody, which consists of the rhythm and speed of speech, articulation, pauses in speech, and intensity variations (4) , patients with PD may have variable speed of speech, that being too fast in some moments of the emission, and occasionally alternating with slower ones (20) . Alterations in the speed of speech associated with PD have been justified by the presence of abnormal patterns of muscle activity, reduced articulatory range of movement, deficient strength, and tremor of the orofacial structures (20, 21) . Moreover, other studies have justified the prosodic alterations not only due to muscle rigidity but also due to dysautonomia. Dopamine is important in the brain stem in autonomic regulation; considering this is the neurotransmitter affected in PD, the patients may present alterations both in central and peripheral pathways of the autonomic nervous system. In addition, studies report that the levodopa, usual medication of patients with PD, does not have relevant benefits in prosody (22, 23) . This way, the alterations in the habitual frequency and in prosody, found in the present study, were proved different between the group with PD and the group of neurologically healthy elderly, and such alterations may be the first findings of dysarthria in groups of patients with PD in the initial stages.
Thus, this study highlights the importance of the evaluation of these parameters in both groups, perhaps precociously aiding the differentiation of elderly and patients with PD.
When analyzing the prosody through the evaluation of the QoL related to the dysarthria, it was verified that the impressions related to the dysarthria suffered great impact, especially evidenced in section 1, statements "C" and "D," with repercussion in the communication of the patients with PD and, consequently, the need for patients to repeat what they say to be understood (statement "1E").
These findings show that, regardless of the fact that most parameters studies are similar between the groups, the parameters changed (fundamental frequency and prosody) provide a negative impact on the QoL of these patients.
However, the fact that patients with PD suffer with the diagnosis of a chronic, neurodegenerative, incurable, and progressive disease is not ruled out, which may result in fear and despair, reflecting directly in the QoL of these subjects (9) . This may also cause some patients to face some typical aging signs as possible alterations caused by the progression of PD.
It is known that the QoL is multidimensional and involves several aspects, such as the degree of satisfactions in the family, love, social and environmental life, and having an unquestionable influence on the health of the individuals in the evaluation of their QoL (24) . Specifically, when it comes to communication, not only the aspects of speech and voice are important, but also other aspects may be associated with the negative impact of the QoL on the communication of patients with PD.
The questions related to language and cognition also revealed negative impact on the QoL for the group with PD, as observed in section 2 of the instrument.
Patients with PD may have cognitive alterations already in the initial stages of the disease, even with light motor symptoms (25) . Among the cognitive deficits most emphasized by the studies, there are alterations in memory, attention, executive functions, visuospatial capacity, language, and reduced abstractions capacity. Other studies highlight that the depression in PD is pointed out as one of the aspects which most cause impacts on cognition and has a great influence on the QoL of these patients (26) . During senescence, however, alterations in relation to language and cognition may also occurs, such as difficulties in organizing the thematic information of the narratives, alterations in the fast recovery of the lexicon in naming situations, difficulties in the access to the conceptual and perceptual information systems (linguistic and non-linguistic), and alterations in working memory, among many others (27) . Therefore, it is not possible to state, in this study, whether the alterations of language and cognition are due to PD or to the aging process, which is necessary for a more detailed investigation of the groups. However, it is evident that such aspects influence negatively on the QoL of patients with PD.
Moreover, other aspects are involved. With the progression of the disease, alterations in posture and gait contribute for the elevated risk of falls of these patients. This will lead patients into reducing their activity level and increasing the level of dependency on other people. From this moment, patients tend to isolate socially, due to their fear of leaving home, spending most of their time in the household environment and alone, resulting, thus, in the compromising of the social support, with their families and in the relationship with the society (9) , keeping them away, and causing different reaction in people.
Thus, the possible contributors for the changes in the QoL, focused on the communication of patients with PD, may be attributed to the social domain (such as problems in relationships and with the people in their social environment), difficulties in mobility and in daily life activities, the increased risk of falls, emotional well-being, cognition and speech, and voice alterations (24) . As approached in the last two sections of the questionnaire of QoL, patients with PD are unsatisfied with the way and the quality of their communication, having the need of help from other people to maintain their communicative function. Moreover, they show little hope in relation to the improvement in communication, voice, and speech once that, from the moment they are diagnosed and know about their neurodegenerative and chronic disease, they get frustrated knowing that the medical treatment is just palliative and that there is no treatment available to interrupt the course of the disease and avoid it (28, 29) . This way, this study implies that the prosodic changes and of the habitual frequency in subjects with PD, together with physical and cognitive problems, the social isolation, and the perceptions of change and dissatisfaction with the communication, are determining factors for a negative view of the QoL.
Specifically in relation to the communication, the prosodic alterations and the habitual frequency are proved relevant, once that, even with the remaining parameters being similar between the groups (Parkinson and control), the PG had a more negative impact on the QoL focused on communication, i.e., the compromising of the prosody and the habitual frequency have an impact on the QoL of the subjects with PD.
Other significant data in voice evaluation were the intensity range, in which the PG had higher mean range. According to previous studies, such findings could be justified by the fact that the patients are conscious of their difficulties and, due to that, they perform more variations in the intensity to compensate the reduced vocal range (30) . From these results, the importance of speech therapy in the rehabilitation and in the QoL of patients with PD is emphasized. It is also important to emphasize the importance of therapeutic interdisciplinary planning with this population, once not only the aspects of speech and voice interfere on the QoL focused on communication.
This study provides important information on the differences between the speech and voice aspects of patients with PD and the average aging process and their impact on the QoL. However, new researches are necessary, considering that there is a need for the broadening of the studied sample and of longitudinal studies, once the PD is progressive.
CONCLUSION
The acoustic and auditory-perceptual analysis of individuals with PD showed similar parameters to the ones present in the average aging process. However, the prosody and the habitual frequency may be some of the first changes in dysarthria among patients with PD.
Besides, it is evident that issues of communication and speech have a negative effect on the QoL of the subjects with PDprosody and habitual frequency being the most related ones, with other factors, such as language, cognition, and socialization problems.
